
(i 2) (i 9) (ca> Demande- Application 

opic «ff§ltiW cipo . ™ 

Office de la propriete >*«^ra§3Ri^^^F Canadian Intellectual 
intbllectuelle du Canada \^ Property Office (21) (Al) 2 ? 339 ? 685 

(22)2001/03/02 

(72) ERICK, LEONARD LARRY, CA ( 43 > 2001/06/05 

(71) COIL-TECH SERVICES LTD., CA 
(51) IntCl. 7 E21B 37/00 

(54) GENERATEUR DE GAZ INERTE D'UN FORAGE 
(54) WELLSITE INERT GAS GENERATOR 




(57) A wellsite inert gas injector, comprising an internal combustion engine, a gas processing system connected to 
receive low pressure exhaust gas from the internal combustion engine, a compressor within the gas processing system, 
the compressor having a low pressure inlet for receiving exhaust gases and the compressor having a high pressure 
outlet; and coil tubing connected to the high pressure outlet of the gas processing system. The gas processing system 
preferably comprises one or more of a particulate filter, exhaust cooler and exhaust separator in series, and in that order 
before the compressor. 
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ABSTRACT OF THE DISCLOSURE 



A wellsite inert gas injector, comprising an internal combustion engine, a gas processing 
system connected to receive low pressure exhaust gas from the internal combustion 
engine, a compressor within the gas processing system, the compressor having a low 
pressure inlet for receiving exhaust gases and the compressor having a high pressure 
outlet; and coil tubing connected to the high pressure outlet of the gas processing system. 
The gas processing system preferably comprises one or more of a particulate filter, 
exhaust cooler and exhaust separator in series, and in that order before the compressor. 
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TITLE OF THE INVENTION 



Wellsite Inert Gas Generator 
BACKGROUND OF THE INVENTION 

01 This invention relates to equipment used for well clean out operations. 

02 Oil and gas wells and the equipment within them frequently become clogged with 
sand and other debris. Well clean out operations have been developed to remove the debris 
from the well. In one method, nitrogen is pumped down the well through coil tubing to 
dislodge the debris and allow it to be circulated up the well. Nitrogen is used because it is 
inert and does not damage the formation. However, nitrogen is expensive to obtain by 
conventional separation from air at a well site or by transporting it to a well site. This 
invention provides a method of providing inert nitrogen inexpensively at a well site for use 
in clean out operations. 

03 Cleaning out wells conventionally with a coiled tubing unit is accomplished by 
forcing compressed air/gas down the coiled tubing to the bottom of the well and returning 
the fluid/fill up the annulus between the coiled tubing and the wells original production 
casing. The fluids are canied up the annulus in slugs causing a pressure build-up in the 
lower portion of the well. This pressure build up may force fluids, fill, and air back into 
the producing zone, which may cause formation damage. Wells with production casing 
larger than four and one half inch are difficult to clean out due to reduced annular velocity 
of the compressed air. To clean a well out in this manner, the casing gas is vented to 
atmosphere through the entire job. This is expensive and not environmentally friendly. 
This invention provides an improved source of gas for use in treating wells. 
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SUMMARY OF THE INVENTION 



04 There is therefore provided in accordance with the invention a wellsite inert gas 
injector. The inert gas injector comprises an internal combustion engine, a gas processing 
system connected to receive low pressure exhaust gas from the internal combustion 
engine, a pump within the gas processing system, the pump having a low pressure inlet for 
receiving exhaust gases and the pump having a high pressure outlet; and coil tubing 
connected to the high pressure outlet of the gas processing system. The gas processing 
system preferably comprises one or more of a particulate filter, exhaust cooler and exhaust 
separator in series, and in that order before the pump. The pump may be a compressor. In 
one aspect of the invention, exhaust gas is supplied to a downhole jet pump to drive 
production fluid to surface. 



BRIEF DESCRIPTION OF THE DRAWINGS 

05 There will now be described preferred embodiments of the invention with 
reference to the drawings by way of illustration, and without intending to limit the 
generality of the claims, in which: 

Fig. 1 is a schematic showing an embodiment of the invention; and 
Fig. 2 is a schematic showing a down hole jet pump for use with an embodiment of 
the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

06 In this patent document, "comprising" is used in its inclusive sense, and does not 
exclude other elements being present in the invention to which a claim refers. Use of the 
indefinite article "a" before an element of a claim means that at least one of the elements 
is present. 
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07 A wellsite inert gas injector 10 is preferably truck mounted as shown in the figure 
and utilizes exhaust from the truck's internal combustion engine 12 as source of inert gas. 
Preferably, the engine is a diesel engine. The exhaust is provided to coil tubing 14, which 
is mounted on the truck deck 16 in conventional manner. A conventional connection (not 
shown) is used to connect the outlet 18 to the coil tubing 14. Between the engine 12 and 
coil tubing 18 is a gas processing system 20 that is connected to receive low pressure 
exhaust gas from the internal combustion engine and provide high pressure inert gas to the 
coil tubing 14 through outlet 18. Low pressure and high pressure are relative terms. What 
matters is that gas at the high pressure outlet 18 has sufficient pressure for use down a 
well. 

08 The gas processing system 20 incorporates several modules to process the gas to 
make it suitable for downhole use. The modules are connected in series by conventional 
gas tight couplings. First, on the exhaust outlet of the engine 12, is a catalytic diesel 
particulate filter 22, which may be one manufactured by Nett Technologies Inc. Details of 
the Nett diesel filter are available from Nett, and briefly described in the following. The 
Nett diesel filter 22 utilizes cordierite wall-flow monoliths to trap the soot produced by 
heavy-duty diesel engines. A cylindrical filter element in the filter 22 has of many square 
parallel channels running in the axial direction, separated by thin porous walls. The 
channels are open at one end, but plugged at the other. Particulate laden exhaust gases are 
forced to flow through the porous walls. Gas is able to escape through the pores in the wall 
material. Particulates, however, are too large to escape and are trapped in the filter walls. 
A proprietary noble metal catalyst is coated onto the inside surface of the filter monolith. 
The catalyst lowers the soot combustion temperature to allow the filter to regenerate. The 
accumulated soot is oxidized in the filter during regular operation of the engine. Periods 
with exhaust temperatures of at least 350 - 400 degrees Fahrenheit are necessary for 
proper filter regeneration. However, so far as this invention is concerned in its broadest 
preferred aspect, a particulate filter is required to sufficiently clean the exhaust that the 
gas processing components are not damaged and the remaining particulate in the inert gas 
does not have a negative effect on the well. 

09 Following the filter 22 is an exhaust cooler 24, for example a fin type fan driven 
cooler, or other suitable cooler to reduce the temperature of the gases to a temperature 
suitable for compression, as for example cooling the exhaust gases from about 500 degrees 
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to 90 degrees Fahrenheit. Following the cooler 24 is a conventional liquid/gas separator 
26for removing any liquid droplets that condense out of the exhaust when it is cooled. It 
maybe either free standing or built into the exhaust cooler. Following the separator 26 is 
a compressor 28 or other suitable pump with a low pressure inlet 30 and a high pressure 
outlet 18. The compressor 28 should compress the exhaust gas to a sufficient pressure for 
cleaning a well, or such other application that the invention might be used for. 

10 The inert gas generator so described is mobile and may be taken from well site to 
well site. At the well site, the engine supplies nitrogen rich, essentially oxygen free, but 
contaminated inert gas for use in well clean out operations. The gas processing system 
cleans the gas for use downhole. 

1 1 With an efficient internal combustion engine, it is expected that the resulting 
exhaust will be essentially oxygen free, with any remaining free oxygen captured by 
carbon monoxide to form carbon dioxide. Incorporation of other inert gases from the 
atmosphere besides nitrogen is acceptable. The water separator should separate out water 
droplets to avoid damage to the compressor, but need not render the exhaust stream free of 
water vapor. The exhaust stream may be 100% water saturated. The maximum preferred 
inlet temperature to the compressor is 10°F above ambient. A preferred compressor is a 
Hurricane Compressor capable of pumping at 330 cubic feet per minute at 2000 psi. 

12 In another embodiment, the compressor 28 pumps gas downhole for use in driving 
a downhole jet pump. The coil tubing 14 in this embodiment is formed of two strings of 
endless tubing running in the well simultaneously (one inside the other). Fig. 2 shows the 
inner tubing 40 and outer tubing 42 with an annulus 44 between them. The inner tubing 40 
extends below the outer tubing 42 and has an opening 46 for the flow of downhole fluid, 
for example production hydrocarbons, into the inner tubing 40. A venturi 48 is provided 
with an inlet 50 communicating with the annulus 44 and an outlet 52 communicating with 
the bore of the inner tubing 40. The venturi 48 may be formed by a horizontal passageway 
54 communicating with a vertical passageway 56 having a restriction 58 at the outlet 52 
where the flow through the venturi enters the inner tubing 40. Exhaust is pumped down 
the annulus 44 between the two strings 40, 42, through the venturi 48 and lifts well fluids 
up the inside string 40. Such a system may be used to produce oil wells. 
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13 By using a jet pump, the well need not be vented to atmosphere and would have to 
be taken off ^production tcTbe cleaned~out Suclfjet pumps are known iifthe art~in 
themselves, but the use of the exhaust system described would provide lower installation 
costs, quicker start up, less harm from sand to the pump and ready variation of production 
volumes from the well. This application is filed simultaneously with an application 
claiming the jet pump configuration. 

14 Immaterial modifications may be made to the invention described here without 
departing from the essence of the invention. 
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We claim: 

1 . A wellsite inert gas injector, comprising: 
an internal combustion engine; 

a gas processing system connected to receive low pressure exhaust gas from the 
internal combustion engine; 

a pump within the gas processing system, the pump having a low pressure inlet for 
receiving exhaust gases and the pump having a high pressure outlet; and 

coil tubing connected to the high pressure outlet of the gas processing system. 

2. The wellsite inert gas generator of claim 1 in which the pump is a compressor and 
the gas processing system comprises an exhaust cooler. 

3. The wellsite inert gas generator of claim 1 in which the pump is a compressor and 
the gas processing system comprises an exhaust separator. 

4. The wellsite inert gas generator of claim 1 in which the pump is a compressor and 
the gas processing system comprises a particulate filter. 

5. The wellsite inert gas generator of claim 1 in which the gas processing system 
comprises a particulate filter, exhaust cooler and exhaust separator in series, followed by 
a compressor. 

6. The wellsite inert gas generator of claim 1 in which the pump is a compressor and 
the gas processing system comprises a particulate filter followed by an exhaust cooler 
and exhaust separator. 

7. The wellsite inert gas generator of claim 6 in which the exhaust cooler is followed 
by the exhaust separator. 

8. The wellsite inert gas generator of claim 1 in which the coiled tubing comprises: 

6 
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a first tubing string connected to the high pressure outlet; 

a second tubing string running parallel to the first tubing string and having an 
opening for entry of fluid at a remote end from the high pressure outlet; and 

a venturi connecting the second tubing string to the first tubing string such that, in 
operation, passage of fluid through the venturi from the first tubing string draws 
production fluid into the second tubing string. 

9. The wellsite inert gas generator of claim 8 in which the first tubing string is 
disposed within the second tubing string. 
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